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1 Introduction
Multiferroic materials show, in a single phase, at least two ferroic properties. The lat-
ter are are (anti-)ferroelectricity, (anti-)ferromagnetism or (anti-)ferroelasticity.[1][2]
Interesting applications can use the properties of multiferroics, especially with those
presenting magnetic and electric coupling. The ability of controlling a magnetic field
with an electric field, using the magnetoelectric coupling, could have interesting ap-
plications in spintronics (spin transport electronics), electronic memory devices and
sensors.[3]
The aim of this project was to familiarize with the use of a cryogenic magnetome-
ter and to perform magnetic and magnetoelectric susceptibility measurements on a
sample of Ba2CoGe2O7 . It is a two-dimensional antiferromagnet [4], in which the
magnetoelectric coupling has been discovered in 2008 by [5].
2 Theoretical introduction
2.1 The structure of Ba2CoGe2O7
Ba2CoGe2O7 has a crystalline tetragonal-scalenoidal structure (scalenoidal means that
a is equal to b). It is noncentrosymmetric (it does not have an inversion center)
and is nonpolar (there is at least one symmetry operation which leaves one or less
point unmoved) [6]. The space group is very similar to P − 421m, according to [3].
The structure of Ba2CoGe2O7 is showed on figure 1. As we can see, the structure
is composed by two types of layers : layers of Ba atoms, and layers composed of
CoGe2O7 structures. The Co
2+ and Ge3+ ions are both enclosed and coordinated in
O tetrahedral structures. The ions Co2+, with spin S = 3
2
are responsible for the
magnetization of Ba2CoGe2O7.
2.2 Magnetic susceptibility
The magnetic susceptibility is a proportional factor indicating how the magnetization
of a material evolves respectively to an external magnetic field. Let ~µ be the magnetic
dipole moment of a sample of a material. Let v be its volume and m its mass. The
(volume) magnetization is defined as ~M = ~µ
v
, and the mass magnetization is defined
as ~Mρ = ~µm . Let H be the strength of the magnetic field. Assuming a homogeneous
material, the volume and mass magnetic susceptibility, respectively χv and χρ, are
defined as following :
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Figure 1: Crystal structure of Ba2CoGe2O7 . One can observe the two-layered structure.
The figure is extracted from [7]. The lattice parameters at room temperature are : a = b =
8.3836Å and c = 5.5510Å [3]
χv =
1
v
∂µ
∂H
=
∂M
∂H
χρ =
1
m
∂µ
∂H
=
∂Mρ
∂H
(1)
In the crystal we are analysing, the magnetization is not isotropic due to the crys-
talline structure. Therefore, the susceptibility needs to be expressed in a tensor, or
the axis along which the susceptibility is measured will need to be specified.
2.3 Magnetoelectric effect
The magnetoelectric (ME) effect is the coupling between the magnetic and electric
orders of the crystal [2]. In other words, it is the induction of magnetic polarization
by applying an electric field or the electric polarization of the material by applying a
magnetic field.
This effect can be described as following :
Pi = αijHj +
βijkHjHk
2
+ ...
µ0Mi = αjiEj +
γijkEjEk
2
+ ...
(2)
Where α is the first order (linear) magnetoelectric response tensor, and β and γ
are higher order ME effect tensors. Pi and Mi are respectively the components of the
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electric and magnetic polarization along the axis i, Hj and Ej are the magnetic and
electric fields along the direction j.
Most research is done on the linear magnetoelectric effect, so we will only interest
at the α tensor. One should note that the magnetoelectric coupling can also happen
in materials which are not multiferroic [2].
3 Experimental apparatus
In this section, the main components of the measurement system are briefly described.
3.1 General description
The sample is mounted at the bottom of the sample probe, a very long stick (about one
meter long) going through an airlock, which is separating the inside of the machine,
filled with low pressure He, from the ambient air. Two wiper seals, strapping the
sample probe, are ensuring that the system does not get contaminated with air. The
upper end of the sample probe is attached to an arm controlled by a stepper motor.
Figure 2: a) Vertical schematic cut of the principal parts of the S700X magnetometer. Many
important elements, such as shelding, and cooling system are not depicted here. b) Detail
of the sample’s temperature control system. c) Detail of the winding of the second order
gradiometer pickup coil.
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The sample moves back and for along the pickup coils, in the (vertical) magnetic field
of the superconducting coil. These components are schematically drawn on figure 2a.
3.2 Sample temperature control system
A schematic drawing of the sample cooling system is presented on figure 2b. The
temperature of the sample is controlled with a flow of helium gas. The latter is
produced by decompressing liquid helium, using a needle valve. A drop in temperature
is caused by Joule-Thomson effect, which express the change in temperature of a gas
during an adiabatic expansion. Since the temperature of the liquid helium is far
below the the Joule-Thomson inversion temperature (respectively 4.2K and 55K), the
helium gas will cool down while it is decompressed. A temperature of about 1.5 K can
be achieved using this process.
The gas is then warmed by a primary heater, up to a certain temperature, which is
slightly below the target temperature, and measured by the thermometer "A". Then,
the gas flows in the chamber where the sample is located. It is equipped with an
auxiliary heater to bring the temperature of the gas flow to the target temperature. A
thermometer ("B") is measuring the temperature of the gas. The sample is brought to
the desired temperature by this flow of gas, and one assume that they have the same
temperature. The gas is then pumped and condensed with a cryocooler to be used
again in the cooling system.
3.3 Pickup coils
The pickup coil is configured as a second order gradiometer, illustrated in figure 2c.
It consists of 4 superconducting loops, whose respective orientation will make the
coil insensible to any uniform variation of the (vertical) field, since the flux of the
two external loops will exactly cancel out the flux of the two opposite inner loops.
This is very useful to minimize the noise caused by variations of the magnetic field of
the superconducting magnet. It allows the measurement of the magnetization of the
sample, which will be described later in section 3.5.
3.4 SQUID
A Josephson junction is consisting of two superconductors linked by a weak link. The
latter can be a thin insulator or a non-superconductor material. The DC Josephson
effect is the possibility that a DC current goes through the weak link without any
difference of potential between both ends of the junction, thanks to the tunnel effect.
Through one single Josephson junction, the tunnelling current i can be expressed in
function of the phase difference φ = (θ1 − θ2) between the two ground states of the
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copper pairs at both ends of the barrier by the following equation:
i = ic sin (θ1 − θ2) (3)
ic is the maximal current which can flow though the junction without any voltage
drop.
The (DC) Superconducting QUantum Interference Device (SQUID) is composed of
two superconducting elements forming a loop, linked together by two Josephson junc-
tions (figure 3). Using the Ginzburg-Landau equations integrated along the two halves
of the SQUID, and the formula for the maximal current through a single Josephson
junction, one can determine the maximal current Imax, which can circulate through
the SQUID without any voltage across it.
Imax = 2ic
∣∣∣∣cos(piΦSΦ0
)∣∣∣∣ (4)
Where ΦS is the magnetic flux going through the SQUID loop, Φ0 = h2e is the flux
quanta. The calculation is detailed in [8].
From the equation above, one can find out that the maximal current is varying with
a period equal to the flux quanta Φ0. In order to measure the variation of the maximal
current, one impose the bias current I to be higher than Imax, so the SQUID will always
operate in the resistive mode (V is always non-zero). Then, assuming a constant bias
current I, the voltage V across the SQUID will be a function of the maximal current,
which is a function of the magnetic flux through the SQUID. Therefore, the variation
of the magnetic flux ΦS through the SQUID can be measured with this method.
In practical, the bias current is controlled in a feedback loop to have a linear voltage
response of the SQUID in function of the magnetic flux.
Figure 3: Schematic representation of a SQUID. The magnetic flux through it is ΦS = ~B · ~S,
where ~S is the surface vector of the SQUID.
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3.5 Measurement of the DC axial magnetization
The axial magnetization measurement works as following : the sample mounted on
the probe is moved back and for vertically by the stepper motor. The movement is
centred in the middle of the pickup coil, and has generally an amplitude of 2 cm.
Assuming that the sample can be represented as a dipole ~µ, the magnetic field it
creates at a point ~r can be expressed as :
~B(~r) =
µ0
4pi
3rˆ(~µ · rˆ)− ~µ
|~r|3 (5)
For simplification purposes, one will suppose that the dipole is infinitesimally small,
and its magnetic moment is aligned along the z-axis. Then, the magnetic flux Φ(z)
through a loop of radius rc located at a distance z is given by :
Φ(z) =
x
Area of the loop
zˆ · ~B(~r)d~σ =
∫ 2pi
φ=0
∫ rc
t=0
µ0
4pi
m
(z2 + t2)3/2
(
3z2
z2 + t2
− 1
)
tdt
=
µ0m
2
[
1
(z2 + r2c )
1/2
− z
2
(z2 + r2c )
3/2
] (6)
Then, the total magnetic flux Φtot through the pickup coil, in function of the position
z of the sample can be expressed as following :
Φtot = −Φ(z + b) + 2Φ(z)− Φ(z − b) (7)
The minus signs are due to the opposite winding direction of the loops. The function
is plotted on figure 4.
b is the vertical distance separating the loops winded in opposite direction in the
pickup coil. The variation of the magnetic flux in the pickup coil will result in a
proportional change of the current circulating along it. Since it is superconducting,
the current is not going to decay. Using the SQUID, which converts the current flowing
in the pickup coil to a voltage, one can measure the voltage of the SQUID response in
function of the position of the sample. The experimental curve obtained can then be
fitted, in order to calculate the magnetization of the sample.
3.6 Measurement of the magnetoelectric suceptibility
In the AC magnetoelectric (ME) susceptibility measurement (DMDE, for dM
dE
), a si-
nusoidal electric field E = E0 sin (ωt) is applied across the sample, where E0 is the
amplitude of the electric field, f is the excitation frequency and ω = 2pif . One can
measure the induced magnetization M using the SQUID magnetometer, which can be
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written under the following form :
M(E) = M +
dM
dE
E0 sin (ωt) +
1
2
d2M
dE2
E20 sin (2ωt) + higher order harmonics (8)
The magnetization M(E) is proportional to the output voltage of the SQUID.
Therefore, it can be determined using the SQUID output, some calibration constants,
and the volume or mass of the sample, respectively to get the volume or mass magne-
tization. Then, the quantity we are interested in is the magnetoelectric susceptibility,
dM
dE
, contained in the fundamental of the signal.
In order to extract it from the noisy background, to remove the constant part as
well as the higher harmonics of the SQUID signal, a lock-in amplifier is used. The
latter is generating the sinusoidal voltage to be applied across the sample. A linear
voltage amplifier is used to increase the amplitude of the electric field. Since both
the excitation and the response oscillate at the same frequency, they have a constant
phase. Through a procedure similar to the Fourier transform, the lock-in amplifier
measures the amplitude of the response signal, using the property of orthogonality of
sinusoidal functions : the integral over time of the product of two sinusoidal functions
is null if their frequency is not equal, assuming that the integration time is much longer
than their period.
So the lock-in amplifier creates an image of the excitation signal, which is multiplied
by the response signal. The phase of the first one is adjusted by an angle φ such that
both are in phase, giving a maximal value of the integral. Then, the amplitude of the
response signal Vˆ , as well as the phase between the excitation and the response signal
φ can be measured. Then, one can express the real and the imaginary components of
Figure 4: Theoretical dipole curve of a single magnetic dipole, corresponding to the total
magnetic flux through the pickup coil as a function of the position of the sample. rc = b
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the response signal respectively as following :
X = Vˆ cosφ
Y = Vˆ sinφ
(9)
4 Experimental results
Since the volumetric mass of our sample has not been determined, all results are
presented with mass susceptibilities and mass magnetization.
4.1 Preparation of the sample
The sample was originally a parallelepiped of dimensions of approx. 4x4x1 mm3, cut
along the planes formed by the three basis axis (a, b and c, or [100], [010] and [001])
of the tetragonal structure. Since the literature showed that only weak polarization
would be observed if the magnetic field is aligned along the [100] or [010] axis [6], the
sample has been cut along the [110] axis since the same paper shows that better signal
will be obtained along it.
The sample has first been glued onto a goniometer using wax, then a X-ray machine
has been used to find the [100] direction of the crystal, whose diffraction pattern is
showed on figure 5.
The goniometer has then been rotated by an angle of 45° in the ab plane, in order
Figure 5: Laue back-reflection pattern of
Ba2CoGe2O7 , aligned along the [100] axis.
The diffraction spots are highlighted in red.
Figure 6: The small part of the cutted sam-
ple. The axis directions are showed on the
picture. The thickness of the sample is
0.5 mm.
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to cut the sample along the [110] direction. The cut was done by a wire saw, where
a thin wire pressed on the sample is moving back and for, using a solution containing
Silicon Carbide (SiC) powder, a strong abrasive, to cut the sample.
The smallest part of the sample has been glued onto a metal rod, and both faces
have been polished to bring the thickness down to 0.50mm. The final mass of the
sample is 10.9 mg. The smaller thickness allows to apply a greater electric field during
the DMDE measurement, since the maximal voltage is limited to 200V. The figure 6
shows the sample after its preparation.
4.2 Magnetic susceptibility measurement
4.2.1 Mounting of the sample
For these measurements, the sample has been wrapped in a plastic foil. The latter
has then been stretched in a drinking straw, which has been attached to the end of
the sample probe, as showed on figure 7. The [110] direction of the sample is pointed
upwards, so it is parallel to the magnetic field and the axis of the pickup coil.
Figure 7: Sample wrapped in a plastic foil, and mounted in a drinking straw. The sample is
aligned with the [110] direction pointed upwards.
The latter has then been inserted into the machine for the measurements. Both
temperature and field scan have been performed.
4.2.2 Temperature scan of the magnetization (MT)
The measurement of the magnetization of the sample as a function of the tempera-
ture, at a constant magnetic field, has been done for a set of different magnetic field
intensities. The sample is first cooled down to 2K, then the magnetization is measured
as it its temperature is increased. For the lowest value of the field, the measurement
has been done with both zero field cooling (ZFC) and field cooling (FC). The results
are showed on figure 8.
Note that since there is no variation of the magnetic field, we use the following
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definition of the susceptibility :
χρ =
Mρ
H
(10)
It is the definition of the susceptibility for a linear material.
Like in [4] and [6], the phase transition between the antiferromagnetic and the fer-
romagnetic ordering is considered to happen when the magnetic susceptibility reaches
its local minimal value.
For all the applied magnetic fields, the transition between the antiferromagnetic
and the paramagnetic phases happens at temperature TN,MT = 7.6 K.
Above TN,MT , in the paramagnetic phase, the behaviour of all sets of measurements
are similar. In particular, above 15K, 1/χρ is linear respectively to the temperature
(figure 9). It obeys to Curie-Weiss law, indicating that the sample performs as an
antiferromagnetic material, since the line formed by the extension of 1/χρ above TN
has a positive intercept with the T = 0 axis. If it were a ferromagnetic material, this
intercept would be negative.
For the measurements at 0.1T, one can observe a sharp increase in the magnetic
susceptibility as the temperature goes below TN . It indicates that the material shows
a weak ferromagnetism, which is due to the Dzyaloshinskii-Moriya (DM) interaction
[4]. The latter tilts slightly the spins by a small angle so that they are not exactly co-
parallel, resulting in a non-zero magnetic moment, which gives the weak ferromagnetic
behaviour. As the temperature goes down, the susceptibility is decreasing since there
is less thermal agitation to oppose to the antiferromagnetic alignment of the spins.
The measurements performed at 0.5T and 1.0T also show an abrupt increase of the
susceptibility below TN , which is much less visible than in the former case at 0.1T. This
is simply due to the fact that the magnetic moment created by the DM interaction
is independent of the external field, and diminished by the fact that it is divided by
the magnetic field as the susceptibility is calculated. Below TN , the susceptibility is
increasing because of the weak ferromagnetic behaviour of the material.
Concerning the measurements at 0.1T, the presence of the magnetic field during the
cooling increased slightly the magnetic susceptibility below 6K, and has no effect above
this temperature. During the field cooling process, the field orients the spins along its
direction, and reaching low temperatures they have low chances to disorient due to
the lower thermal agitation. Therefore, the magnetic moment and the susceptibility
measured will be higher, until the temperature is sufficient to disorient the spins. Close
and above TN , the spins disorientate easily due to the thermal agitation, so the way
the sample was cooled has no longer any influence.
The shape of all curves are in great accordance with [4] and [6]. However, the
transition temperature we obtained is slightly higher than what has been found in
these sources, as they obtain respectively 6.7K and 7K.
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Figure 8: Temperature scan of the magnetic suceptibility, for different values of constant
external magnetic field. The field, as well as the measurement are parallel to the [110]
axis of the crystal. A phase transition between the antiferromagnetic and the paramagnetic
phase can be observed at TN,MT = 7.6 K (at the vertical black line). A weak ferromagnetic
behaviour can be observed below 7.6K.
Figure 9: Inverse of the mass suceptibility, in function of the remperature. The field, as well
as the measurement are parallel to the [110] axis of the crystal.
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4.2.3 Field scans of the magnetization (MH)
For different values of constant temperature, the magnetization of the sample has been
measured in function of the external magnetic field. The results are shown on figure 10.
One can notice that the curves are not linear, but slightly convex. This effects is more
important as the temperature is lower. This indicates a spin-flop transition. When the
magnetic field is applied along the direction of antiferromagnetism (the direction of the
coparallel spins), at a certain critical field, the spins will rotate suddenly to another
configuration with a lower energy. The spins will align almost perpendicularly to the
magnetic field, with a resulting magnetic moment oriented in the direction of the field
[10]. The susceptibility of the material in this configuration is greater than in the
earlier case when the antiferromagnetic direction was parallel to the field. Therefore,
the slope of the susceptibility is first low below the spin-flop field, and has a higher
value after it.
Figure 10: Field scan of the magnetization, for different values of the temperature. A bending
of the curve can be observed, indication a spin-flop transition. It is more pronounced for the
lower temperatures. H ‖ [110]
The spin-flop observed in the measurements is very weak. In order to see this effect
more clearly in the measurements, the magnetic susceptibility must be calculated
by computing the derivative of the magnetization. The results are showed on figure
11. Two different methods have been applied : for the upper graph, a numerical
differentiation has been done using the finite difference approximations method. For
the lower graph, the magnetization has been fitted using with a tenth order polynomial,
then derived.
Both methods give the same results. One can observe a clear spin flop at temper-
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atures equal or below 5 K, and the effect is more pronounced as the temperature is
lower. The spin flop field is 0.4 T. At 6K, the spin flop is much less evident : we can
see that the spin flop field is around 0.25T. At 7K, since the susceptibility is constant,
there is no spin-flop since the temperature is too close to TN .
The saturation magnetization cannot be achieved with our experimental setup :
according to [6], the saturation field is above 15 T, and our magnet can only go up to
7T.
Figure 11: Magnetic suceptibility of Ba2CoGe2O7 , computed respectively by a numerical
derivation and by differentiating the polynomial fit of the magnetization curve. The spin flop
is more pronounced at the low temperatures, and becomes inexistent at 7 K. H ‖ [110]
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4.3 Magnetoelectric suceptibility measurement
4.3.1 Sample mounting
For the DMDE, the following setup has been used : onto a 12cm long brass rod,
polished with P400, P800 and P1200 sandpapers to remove any scratches and surface
contaminant from previous uses of the rod, a small piece of strip board has been glued
with super glue at a distance of 5.5 cm from the end of the rod. The sample has then
been glued onto the strip board with the direction [110] parallel to the brass rod.
To apply the electric field through the sample, two electrodes are needed. One
of them is the strip board on which the sample is glued. The other one is made by
covering the top of the sample with silver paste. Two wires have been connected to the
electrodes with silver paste (figure 12). The magnetic and electric field are respectively
applied along the [110] and the [001] directions. The susceptibility is measured along
[110].
The sample holder has been attached to the sample probe (figure 13). Two wires
are running inside it, in order to connect the electrodes to the output of the lock-
Figure 12: Sample glued on the stripboard, with the silver paste electrode. One can see the
two wires connected to the electrodes.
Figure 13: The sample mounted on the sample holder attached to the probe. A drinking
straw is enclosing the sample holder in order to protect it and to catch hold of any falling
part.
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in amplifier, through a 40x voltage amplifier. For all measurements, the excitation
frequency is 4 Hz, and the electric field amplitude is 80 V.
4.3.2 DMDE temperature scan measurements
The temperature scan of the magnetoelectric susceptibility (figure 14) shows that a
phase transition happens at a temperature TN,DMDE = 7.8 K. Above this temperature,
there is no more magnetoelectric coupling. The temperature of this transition is very
close to the phase transition observed during the magnetic susceptibility measurement
(TN,MT = 7.6 K). A slight difference subsists between the transition temperature
obtained with the two different methods.
4.3.3 DMDE field scan measurements
The DMDE field scan, plotted on figure 15, shows different interesting features. First,
at all temperatures measured, the imaginary part of the signal shows a feature at
0.045 T. It is not caused by the sample, but more likely by the sample holder. This
feature will be discussed later in section 4.4.
Both the real and imaginary parts of the signal show a very sharp drop between 0.4
and 0.6T. For the measurement performed at 1.8K, it happens precisely at the spin-flop
field measured earlier with the MH measurement. Therefore, this feature in the DMDE
measurement could also indicate the spin-flop. However, for the measurements at 1.7
and 2.0K, the drop happens at a much higher field than the spin-flop field determined
earlier, so one can not be sure that this feature is related to the spin-flop field.
Further measurements were done with a more careful demagnetization of the super-
conducting coil, and a higher raise of the temperature of the sample between two sets
of measurements to make sure to remove and any residual current in the coil as well as
any permanent magnetization in the sample. This should improve the reproducibility
of the measurements.
The second set of results, showed on figure 16, is slightly more concluding, but not
fully satisfactory : four out of six curves do show a sharp drop at 0.4T, which is the
spin-flop field observed in the MH measurement. However, two curves still show a
signal drop at higher fields.
In order to verify that the field at which this signal drop is not temperature depen-
dent, more measurements have been performed. The figure 17 shows the data from
three different measurements performed with a temperature of 1.8 K. The settings,
apart the field step between two data points, are identical. As one can see, the signal
drop happens at very different values of external field.
The curves should all look the same, since the temperature is identical between
the measurements. There is definitely an issue concerning the reproducibility of the
17
Figure 14: Temperature scan of the magnetoelectric suceptibility, for different values of
external magnetic field. The phase transition can be observed at TN,DMDE = 7.8 K (dashed
line) E ‖ [001] and H ‖ [110], f = 4 Hz, E0 = 160 V mm−1
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Figure 15: Field scan of the real and imaginary part of the magnetoelectric suceptibility of
Ba2CoGe2O7 , at different temperatures. The sharp drop of the signal happens approximately
around the spin-flop field. The little feature around 0.045 T in the imaginary part is due to
the sample holder. E ‖ [001] and H ‖ [110], f = 4 Hz, E0 = 160 V mm−1
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Figure 16: Field scan of the real and imaginary part of the magnetoelectric suceptibility
of Ba2CoGe2O7 , at different temperatures. E ‖ [001] and H ‖ [110], f = 4 Hz, E0 =
160 V mm−1
20
Figure 17: Three different field scans of the magnetoelectric suceptibility of Ba2CoGe2O7 ,
all performed at 1.80 K. The measurement parameters, apart the field step, are identical for
all curves. E ‖ [001] and H ‖ [110], f = 4 Hz, E0 = 160 V mm−1.
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measurement. It could be possible that the settings of the DMDE measurement need
to be improved. The stability of the temperature might need to be improved, or that
the parameters of the electric excitation field could require adjustments in order to
obtain reproducible results.
4.4 Issues encountered with the sample holder
While using the brass sample holder required for the DMDE measurement, a strange
behaviour has been observed if it is used to perform a DC magnetization measurement.
On figures 18 and 19, its signal (in blue) is compared to the one obtained without the
brass sample holder, by using a plastic foil and a straw to hold the sample (red curve).
At low temperatures (between 1.8 and 5K), and at a narrow range of magnetic
field (between 0.035T and 0.050T ), the brass rod creates a parasite signal, which
completely destroys the dipole curve of the sample, making the magnetization mea-
surement impossible. This problem has been investigated as following :
• Since we know that the end of the brass rod creates a spurious signal, the sample
has been moved at different positions along the brass rod, from 3.0cm to 6.0cm
from the end of the rod, without any positive change in the result.
• Measurements have been performed again on the other piece of Ba2CoGe2O7 ,
without using the brass sample holder. (red curves on figures 18 and 19). This
confirmed that no feature appears around 0.045T. Therefore, the strange feature
is not caused by the compound.
Figure 18: Field scan of the magnetization
of the small sample mounted on the brass
sample holder, and the big sample wrapped
in a plastic foil. T = 5 K and H ‖ [110].
Figure 19: Magnetic suceptibility of samples
mounted on different holders. T = 5 K and
H ‖ [110].
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• The brass rod has been measured alone, without anything glued on it. The
measurement shows that the strange signal still appears between 0.035T and
0.050T.
• In order to make sure that it is not the cause of a surface contaminant or a
scratch on the sample holder, caused by a previous use, it has been polished
with P400, P800 and P1200 sandpaper to make it as smooth as possible. The
strange signal still appears, so this is really caused by the brass rod itself.
The investigation showed that the brass rod was in cause of a spurious feature ob-
served in the MH measurement between 0.035 and 0.05T. It was also slightly observable
in the DMDE measurement (see figure 15). Since our sample shows interesting mag-
netic features only at much higher fields, this is not really an issue for our purposes.
However, it is needed to investigate further this issue, in order to know what went
wrong, because it would be impossible to measure a sample in this range of field.
The issue might be caused by an internal defect of the rod (presence of an impurity
inside it), or be due to some geometrical effects.
Since another identical sample holder is available, it would be interesting to perform
the same investigation on this one, to observe if it shows the same features. If not, it
would mean that the first sample holder is defective and should be replaced. Otherwise,
it could mean that the issue is caused by the design geometry of the sample holder,
and it could possibly be improved.
5 Concluding remarks
The magnetic and magnetoelectric susceptibility measurements performed on Ba2CoGe2O7
showed that both methods are able to show the phase transition between the antifer-
romagnetic and the paramagnetic phase, happening around 7.6 K, as well as the spin
flop transition happening at 0.4 T when the temperature is low enough below the para-
magnetic transition. Results of the DMDE measurements of the field scans suffer from
reproducibility issues, which need to be investigated, in order to obtain better results.
Some issues have been noticed with the brass sample holder, with the presence of
a spurious feature in a narrow range of field. The sample holder might be defective,
and could need to be replaced.
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